Kratak sadr`aj: Lipoidna pneumonija nastaje kada lipidi prodru u bronhijalno stablo. Ovaj oblik pneumonije ~esto se javlja u nekim zemljama u razvoju gde se odoj~ad, iz razli~itih razloga, tradicionalno hrani masnim proizvodima (topljenim maslom -gijem i maslinovim uljem). Analizirali smo i identifikovali masne kiseline koje se nalaze u doma }em maslacu i maslinovom ulju i uporedili ih sa masnim kiselinama pro na|enim u bronhijalnom lava`u dece sa lipo idnom pneu mo nijom. Tri masne kiseline prisutne u doma }em maslacu, ma slinovom ulju i bronhoalveolarnom lava`u su linoleinska, ole inska i stearinska. Ostale masne kiseline, naime, laurinska, miris to leinska, miristinska, penta de ken ska, pentadekanska, hepta dekenska i heptadekanska, mogu se na}i u do ma}em m a slacu i/ili maslinovom ulju, ali ne i u bron ho alveolarnom lava`u. Mo`e se, dakle, zaklju~iti da te tri ma sne kiseline izazivaju o{te}enje plu}nog paren hima koje se uo~ava u lipoidnoj pneumoniji. Potrebna su dalja istra`ivanja kako bi se utvrdio uticaj pojedina~nih masnih kiselina koje se nalaze u do ma}em topljenom mas lacu i maslinovom ulju.
Introduction
Mineral oil lipoid pneumonia was prevalent when mineral oil was used as a base for nasal drops and also regularly as an aperient (1) (2) (3) (4) (5) (6) (7) (8) but has now become rare with the advent of normal saline as the base of nasal drops. Lipoid pneumonia due to animal fat, homemade ghee and olive oil is still encountered in certain parts of the globe because of cultural and traditional practices involving the use of oils and fats for various reasons (9) (10) (11) . In Saudi Arabia, forced feeding of infants with homemade ghee in the recumbent position is believed to be beneficial to their health; however, this has resulted in lipoid pneumonia, through clinical, radiological and pathological patterns in the acute stages, and in later stages through manifestation of bronchiectasis (11) (12) (13) (14) (15) (16) (17) .
Olive oil induced lipoid pneumonia is also seen in southwestern Saudi Arabia, however, comparatively milder than severe cases (18) .
Lipoid pneumonia as a result of mineral oil aspiration occurs to date in pediatric patients in developing parts of the world. It mimics other diseases because it has a nonspecific clinical presentation. Signs of lipoid pneumonia range from being asymptomatic with radiologic findings to acute or chronic symptoms attributable to pneumonia, pulmonary fibrosis or cor pulmonale. In asymptomatic patients it is often an incidental finding while in others it causes acute respiratory distress. The presence of lipids in alveolar macrophages has been clinically associated with increased lung inflammation in animal models. The hypothesis is that the quantity of lipids in alveolar macrophages measured as lipid-laden would correlate with lung inflammation in pediatric patients. Accu mulation of lipids in the cytoplasm of alveolar macrophages is considered to be evidence of aspiration. Whatever the pathway by which the fat or oil reaches the lung parenchyma, it either is absorbed by alveolar macrophages or remains free within the alveoli. Because alveolar macrophages cannot metabolize the lipid, when they die, the lipid is absorbed again into the alveoli.
The clinical diagnosis of lipoid pneumonia is complex. One reason is the difficulty in ascertaining the history of fat or oil ingestion. In addition, the symptoms appear only at an advanced stage of the illness. It has been reported that almost 50% of patients with lipoid pneumonia are asymptomatic. In many cases the disease is discovered by chance, during routine chest radiographs. The clinical symptoms (chest pain, dyspnoea, cough and fever) vary according to the duration, and the amount and quality of lipid aspirated. It is interesting, however, to analyze the fatty acids in bronchoalveolar lavage of patients suspected with lipoid pneumonia and relate the results to the fatty acids present in the aspired fat or oil. This paper outlines the identification of the fatty acids of two samples of homemade ghee and commonly available commercial olive oil and discusses their probable effects on the lungs in children with lipoid pneumonia.
Materials and Methods
The fatty acids found in homemade fat »Ghee« and olive oil were analyzed by gas chromatography. Before analysis the derivatives of the fatty acids were obtained as follows:
Transesterification: one step conversion of triglycerides to methyl ester derivatives (FAME). Methyl ester derivatives suitable for GC analysis were prepared directly from olive oil or from Ghee using anhydrous methanolic-HCl according to Christie's method (19) . A two cm 3 portion of a chloroform extract (ca 130 mg lipid) was transferred to a weighed Sovirel test tube (30 cm 3 screw capped). After complete removal of the solvent and with the test tube placed in a warm water bath (ca 35 °C), purged with a nitrogen gas jet, 4 cm 3 of the methanolic-HCl reagent and 2 cm 3 of purified dry hexane were added. The dead volume was purged with nitrogen gas and the tube was immediately sealed and heated for 2 hours, at 60 °C. After cooling and carefully releasing the tube cap, 10 cm 3 sodium chloride solution (5% w/v) was added, and the methyl esters were extracted with 3x6 cm 3 portions of purified pentane, washed with 6 cm 3 sodium bicarbonate solution (2% w/v), and dried over anhydrous magnesium sul phate. At this stage 1 cm 3 of a solution of butyl hydroxy quinine (BHQ, 0.15% w/v in pentane) was added so as to give a concentration of 0.1% w/v of the antioxidant in the final pure ester (20) . The solution was then evaporated in nitrogen, weighed and quickly taken up in dry carbon disulphide (CS 2 ) so as to give ca. 10 mg ester per cm 3 CS 2 . The esters were finally stored at -20 °C until required.
Gas chromatography of FAME. Five microlitres of FAME (olive oil or ghee) were injected in a GC capillary column (GC-MS Hewlett Packard bench top gas chromatograph). The column dimensions are 25m x 0.32 mm fused silica (WCOT), CP wax 52 CB (df-0.2 m). Carrier gas was helium and column pressure was 70 kPa (0.7 Bar, 10 psi). Oven temperature was 160-200 °C at 1 °C/min. Flame ionization detector was used. The eluent solvent was pure hexane. The injector port tempe rature was 200 °C. Identification of each resolved peak in the chromatograph was determined by com paring the mass spectrometer fragmentation pattern of each peak in an acute integrated mode with a database of 54,000 compounds using PC-dedicated software. The results for each peak identified > 0.3% are detailed. In odd cases where auto-identification is in anyway dubious, confirmation was obtained by ana lyzing a series of suitable standard mixtures of fatty acid methyl esters (FAMES) under the same GC-MS operating conditions.
Bronchoscopy and bronchoalveolar lavage.
Bron choscopy and bronchoalveolar lavage were performed in eight children aged between 2 and 4 years, all with history of using homemade ghee and/or olive oil in the recumbent position. All children showed symptoms and signs of respiratory distress, and were clinically diagnosed with lipoid pneumonia. The bronchoalveolar lavage procedures were performed according to standard clinical protocols. The location of bronchoalveolar lavage was at the discretion of the bronchoscopist, but was generally performed in the lung segment most affected by the disease, as evidenced by radiological changes or by visual appearance at the bronchoscopy. The bronchoscope was wedged into a bronchus, and two to three 5-mL aliquots of buffered normal saline were instilled and immediately aspirated through the bronch oscope. The total volume of instilled lavage fluid was 1-3 mL per kg body weight. The lipids were extracted from the lavage by chloroform methanol 1:1 mixture by volume, and the fatty acid methyl esters (FAME) were obtained by the same procedure as for ghee and olive oil. Five microliters samples were injected into the GC-MS instrument under similar operating conditions outlined above.
Results
Gas chromatography and mass spectrometry were used to analyze the fatty acids content of homemade ghee and olive oil. The fatty acids con tained in the homemade animal fat »ghee« are lauric, myri stoleic, myristic, pentadecanoic, palmi toleic, hepta decanoic palmitic-straight and branched chains, linoleic, oleic, and stearic (Figure 1) . Figure 2 shows that the fatty acids present in olive oil are palmitoleic, Figure 1 Gas chromatograph of fatty acids present in a sample of homemade ghee.
palmitic-straight and branched, stearic, oleic and linoleic. These results demonstrate that fatty acids common to both »ghee« and olive oil (palmitic, palmitoleic, linoleic, oleic and stearic) may contribute to lipoid pneumonia, while the 5 fatty acids that are present solely in ghee (lauric, myristoleic, myristic, pentadecanoic and heptadecanoic) may not make a significant contribution to the disease.
In order to determine the significant role of the identified fatty acids in the development of lipoid pneumonia, we sought to identify the types of fatty acids prevalent in the bronchoalveolar lavage of affected patients. We found that the fatty acid contents of the bronchoalveolar lavage of patients who used homemade ghee or olive oil show three main fatty acids which are common to both homemade ghee and olive oil. Comparisons with GC-MS analysis of fatty acids of homemade ghee and olive oil are shown in Figure 3a , b and c. GC-MS analysis of homemade ghee, olive oil and broncho alveolar lavage indicates that bronchoalveolar lavage con tains only linoleic, oleic and stearic fatty acids, which are common to both homemade ghee and olive oil. Bronchoalveolar lavage, on the other hand, lacks the remaining fatty acids present in homemade ghee (lauric, myristoleic, myristic, pentadecanoic, palmi to -leic, heptadecanoic and palmitic); and also lacks two fatty acids present in olive oil (palmitoleic and palmitic). These results indicate that the fatty acids from homemade ghee and olive oil that may contribute to the development of lipoid pneumonia are one or more, including linoleic, oleic and stearic fatty acids.
The identification of GC-MS fatty acid peaks in all samples was reconfirmed with mass spectro metric database analysis of standard compound which is computer generated, and peak amplitudes were used in all analyses to show the abundance of a particular fatty acid.
Discussion
We have identified the fatty acids from homemade ghee and olive oil that are potential candidates for causing lipoid pneumonia. Our results strongly implicate one or more of the fatty acids contained in homemade ghee and/or in olive oil in the deve lopment of this disease. The structure of these fatty acids identified is suggestive of their function. The long chain fatty acids of ghee are mainly non-volatile and may play a role in the severe lung pneumonic changes in lipoid pneumonia which is seen in children in developing countries. It may further be postulated that some of the double bonds introduced during the process of making homemade ghee are not meta bolized in the human lung, such as in oleic and linoleic acids. This may be due to the absence of enzymes in the lungs that are capable of metabolizing these fatty acids. Pinkerton found that oils which produce acute necrosis of the lung tissue are those oils and fats with the highest fatty acid content (2, 3) . The fatty acids of homemade ghee and olive oil are sufficiently irritating to initiate the humoral and cellular defense mechanisms. It is probable that if the amount of these fatty acids is overwhelming in quantity, and in the absence of the necessary enzyme to digest the oils and fat, then these may be the factors which may lead to the inadequacy of the defense mechanism and thereby lead to the severe damage of the lung tissue. We performed experi ments to determine which of the ten different fatty acids in homemade ghee or those found in olive oil causes the deleterious effects on the lung.
It was found that lipids entering the lungs cause several drastic changes to the lung tissue. The lipids lower the pH of the cells lining of the alveolar-capillary interface, which may affect enzyme activity. In addition, this may result in several enzymes and inflam matory mediators being released, such as lipoxygenase, tumor necrosis factor and interleukin-8. (22) (23) (24) . These factors would then present »outside« of their functional environment and potentially cause harmful effects on lung tissue. The temperature in the alveoli (37 °C) is well below the volatility temperature of any of the three long chain fatty acids present in the bronchoalveolar lavage; this would result in longer lifespan of these fatty acids, exposing lung tissues to additional damage. The physical state of ghee is semisolid and in this state it forms a thin layer covering the alveoli surface resulting is a decrease in the efficiency of gases exchange across the thin alveolar membranes, a function essential for lung health. Saturated and long chain fatty acids cause more damage to the lung because of their low vola tility, forming a film of lipids over the alveolar membrane; while the unsaturated and shorter, more volatile fatty acids are likely to enter the alveoli themselves. The function of the lungs in lipid metabolism is not clear. Animal experiments have shown that lung micro somes peroxidize lipids at a 25-to 50-fold lower rate than liver, kidney, testes and brain micro somes. (22) (23) (24) . It was found that superoxide dis mu tase (SOD) activity increased significantly in hamsters injected intra-tracheally with xanthine oxi dase, and his - Bronchoalveolar lavage analysis has not revealed detectable amounts of any of the shorter, more volatile fatty acids of homemade ghee and olive oil which indicates the presence of enzymatic activity which metabolizes these lower molecular weight fatty acids. It is evident that this study shows that lipoid pneu monia can be diagnosed by GC-MS analysis of bron choalveolar lavage, and the harmful effects of lipoid pneumonia are caused by the less volatile long chain fatty acids -linoleic, oleic and stearic -commonly present in homemade ghee and olive oil which are introduced in the recumbent po s ition to children at a very young age. This type of aspi ration pneumonia cannot be ignored when investi gating a child with pulmonary symptoms, specifically in developing countries. Future studies on experimental animals are needed to find the effect of each of the three individual fatty acids on the lung parenchyma, and to identify which fatty acid(s) is/are responsible for the dele terious effects of homemade ghee and olive oil.
Conclusion
There are three free fatty acids common to both homemade ghee and olive oil, namely, linoleic, oleic and stearic. These also happen to be present in highest amounts compared to other fatty acids found in the analysis of homemade ghee and olive oil. These three fatty acids are responsible for the deleterious effects of lipoid pneumonia. Bronchoalveolar lavage fatty acids analysis can be used to diagnose lipoid pneumonia, and lipoid pneumonia should not be debarred from differentials in children from developing countries pre senting with pulmonary symptoms or respiratory distress.
